Introduction

25
Organic pesticides are applied in many anthropogenic activities and constitute an increasing threat 26 to the quality and health of aquatic systems (Fenner et al., 2013; Schwarzenbach et al., 2006) .
27
Pesticides are frequently detected in drinking water wells (Spliid and Køppen, 1998; Turner et al., 28 2006; Vorkamp et al., 2014) and are a primary reason causing the shutdown of drinking water 29 supplies (e.g., Thorling, 2015) . Pesticides can bypass wastewater treatment plants and enter natural 
These equations can be written both for X and Y isotopes. α is the fractionation factor for the R or We track the concentration evolution of each enantiomer-specific isotopologue according to a 134 specified kinetic rate law. To demonstrate the approach we consider a first-order kinetic, however enantiomer-specific isotopologues of R and S enantiomers can be defined as:
,, 11
where r j is the reaction rate for the j th enantiomer-specific isotopologue of R or S enantiomer, α is 140 the fractionation factor as defined in Eqs. 3 and 4, C j is the concentration of the j th enantiomer-
141
specific isotopologue, and m, n, v and u are defined in Eqs. 1 and 2.
142
The concentration change of R and S enantiomers is described by tracking each enantiomer-specific 143 isotopologue, respectively: enantiomer-specific isotopologues:
where C R and C S are the concentrations of individual enantiomers, C j is the concentration of each 157 enantiomer-specific isotopologue for R or S enantiomer, and N is the total number of enantiomer-158 specific isotopologues.
159
The isotope ratios of elements X and Y at positions experiencing isotope effects in R or S 160 enantiomer-specific isotopologues are calculated by considering the total number of heavy and light 161 isotopes (Jin et al., 2011) , and are expressed as: 
where R is the enantiomer-specific isotope ratio of element X or Y, R' is the corresponding isotope 171 ratios of atoms at fractionating positions as computed in Eqs. 12-15.
172
Although a few recent contributions reported enantiomer-specific isotope ratios (ESIA), bulk 173 isotope ratios determined by compound specific isotope analysis (CSIA) are commonly measured in 174 most experimental studies. Bulk isotope ratios can be related to enantiomer-specific isotope ratios 175 by the following weighted averages:
,,
where R X and R Y are the bulk isotope ratios of a chiral organic compound, R X,R , R X,S , R Y,R and R Y,S are 177 the enantiomer-specific isotope ratios and EF R and EF S are the enantiomer fractions of individual 178 enantiomers as defined in Eqs. 10 and 11.
179
The proposed model is developed in MATLAB® and it is applied to describe contaminant The document also provides a from compound specific isotope analysis (CSIA).
220
The third and final application is focused on biodegradation of -Hexachlorocyclohexane (-HCH). 
Enzymatic degradation of dichlorprop (DCPP)
242
Experimental data on concentration evolution of DCPP and its main metabolite (phenol), (Fig. 1c) . The fast consumption of R-DCPP leads to decreasing R-enantiomer fraction
260
(from 50% to 4%) and increasing S-enantiomer fraction (50% to 96%). Interestingly, a nonlinear 
Enzymatic hydrolysis of mecoprop methyl ester (MCPPM)
279
Enantiomer and carbon isotope fractionation have been observed during enzymatic hydrolysis of a (Fig. 2a) .
300
Similarly to what has been observed for DCPP degradation, nonlinear relationships between 301 compound specific carbon isotope ratios and enantiomeric ratios are also observed during 302 enzymatic reactions of MCPPM. This is due to the much more significant changes of enantiomer Figure 3a . In fact, without ESIA isotope data the carbon isotope ratios from CSIA can only be 389 reported as a function of the enantiomer ratio and not as a function of enantiomer fraction.
390
The model-based analysis has shown that a combined interpretation of stable isotope and 391 enantiomer fractionation is required when enantiomer-specific mechanisms play a crucial role 392 during chiral pesticides transformations. As shown in Fig. 3a and 3b, (Table S5) .
415
The main features of the proposed approach can be summarized in the following points: 
